The primary effect of the apolipoprotein E ε4 (APOE ε4) allele is on the age at onset of Alzheimer disease (AD).
T HE ε4 ALLELE OF THE APOLIpoprotein E gene (APOE ε4) is found with increased frequency among individuals with Alzheimer disease (AD) of both the late-onset sporadic (SAD) and late-onset familial (FAD) varieties. 1, 2 The APOE ε4 allele has been associated with acceleration of the development of AD [3] [4] [5] and with a higher concentration of ␤-amyloid plaques in the brains of elderly persons with and without AD. 6, 7 Risk increases by nearly 2-fold for each APOE ε4 allele in both FAD and SAD and age at onset of AD decreases with increasing copies of the APOE ε4 allele. 1, 5, [8] [9] [10] [11] The risk of AD was found to be 2 to 3 times higher among Caribbean Hispanics than in non-Hispanics living in New York City. 12, 13 In addition, risk of AD associated with the APOE ε4 allele has been found to vary among ethnic groups of African ancestry. [13] [14] [15] [16] [17] [18] In all populations, age at onset of FAD has been found to be earlier, 19 and there is greater likelihood of carrying the APOE ε4 allele. In the present study, we investigated whether the presence of the APOE ε4 allele can account for the consistently lower age at onset among Caribbean Hispanics with FAD compared with SAD or whether other genetic or medical risk factors are involved in the earlier manifestation of symptoms.
METHODS

PARTICIPANTS AND SETTING
Sporadic and familial AD and elderly persons without dementia were identified from among individuals participating in a prospective study of aging and dementia in 4309 Medicare recipients aged 65 years or older residing in northern Manhattan (Washington Heights, Hamilton Heights, and Inwood). A stratified random Author Affiliations are listed at the end of this article.
sample of 50% of all persons older than 65 years was obtained from the Health Care Finance Administration, 13 which sent them a letter explaining that they had been selected to participate in a study of aging by investigators at Columbia University, New York, NY. The sampling procedures are described in detail elsewhere. 13 Each participant underwent an in-person interview of general health and functional ability at enrollment in the study, followed by a standardized assessment including medical history, physical and neurologic examinations, and a battery of neuropsychologic tests. 20 Ethnic group was classified by participant self-report using the format of the 1990 US census.
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Participants were asked if they considered themselves white, black, or other ethnicity, and then were asked if they were Hispanic. Participants were recruited at 2 time points: January 7, 1992, to October 4, 1994, and November 8, 1999 , to April 19, 2002. They have been followed up at approximately 18-month intervals, with similar assessments at each interval. The institutional review boards of Columbia University Medical Center and the New York Psychiatric Institute, New York, approved recruitment, informed consent, and study procedures.
CLINICAL ASSESSMENT AND NEUROLOGIC DIAGNOSIS
All participants underwent structured neurologic and functional assessments by physicians, and a standardized battery of neuropsychologic tests 20 that included measures of memory, orientation, language, abstract reasoning, and visuospatial ability. The diagnosis of dementia was established based on all available information gathered from the initial and follow-up assessments and from medical records. Dementia was determined by consensus at a conference of physicians, neurologists, neuropsychologists, and psychiatrists. The diagnosis of dementia was determined according to the research criteria set forth by the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease Related Disorders Association (NINCDS-ADRDA) for probable or possible AD, 22 and the research criteria set forth by the National Institute of Neurological Disorders and Stroke and Association Internationale Pour la Recherche er l'Enseignement en Neurosciences (NINDS-AIREN) for vascular dementia. 23 Diagnosis of dementia required evidence of cognitive decline, including memory impairment, results of the battery of neuropsychologic tests, and evidence of impairment of social or occupational function (clinical dementia rating Ͼ1.0).
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DEFINITIONS OF FAD AND SAD
Family medical history was ascertained by a physician at the initial visit and was verified by available family members. Once dementia status was determined by consensus, as described previously, patients with at least 1 first-degree relative with dementia were classified as having FAD and those without a family history of dementia were classified as having SAD. Additional patients with FAD came from an extension of the Washington Heights, Hamilton Heights, and Inwood communities to the Dominican Republic and Puerto Rico. Of the 111 patients with FAD, 9 (8.1%) participated while living in New York, 9 (8.1%) participated in Puerto Rico, and the remaining 93 (83.8%) participated in the Dominican Republic.
AGE AT ONSET OF DEMENTIA
During the assessment, participants were asked when they began to notice symptoms of memory loss, and this was confirmed by family members. The mean number of years between the reported age at onset and date of diagnosis was determined from all cases with known age at onset (650 patients [95.6%]). This value was then used to calculate age at onset for patients with missing values (30 [18.4%] of the 163 patients with SAD, 4.6% of all cases). The characteristics of these 30 patients did not differ from the overall population with SAD. Analyses were conducted including and excluding these 30 patients, without any difference in the outcome. Since the results were equivalent, the patients were included to enlarge the sample size.
APOE GENOTYPES
Blood samples were collected in tubes containing dipotassium plus EDTA at the initial assessment, and genomic DNA samples were prepared from peripheral white blood cells. Genotyping was carried out as described previously. 16 Genotype was determined by a standard polymerase chain reaction-restriction fragment length polymorphism method using Hha1 (CfoI) digestion of a genomic polymerase chain reaction product spanning the polymorphic (cysteine/arginine) sites at codons 112 and 158. Acrylamide gel electrophoresis was used to assess and document the restriction fragment sizes. 25 Participants were classified as homoyzygous for the APOE ε4 allele, heterozygous for the APOE ε4 allele, or having no APOE ε4 allele.
STATISTICAL ANALYSIS
The primary analysis compared age at onset of dementia by genotype in patients with SAD or FAD. We used 2 tests for categorical variables and analysis of variance for continuous variables to compare age, level of educational achievement, and the distribution of sex, genotype, and presence or absence of chronic medical conditions among patients with SAD or FAD and control subjects. We used a multivariable analysis of variance to examine the effect of the APOE ε4 allele on age at onset of symptoms of dementia in patients with FAD or SAD compared with current age in the subjects without dementia, adjusting for sex, education, and history of stroke, hypertension, heart disease, and diabetes.
RESULTS
DEMOGRAPHIC DATA
Among the 929 participants of Caribbean Hispanic ancestry (21.6% of all participants), genotype and family medical history data were available for 680 individuals (73.2%). Of these 680 individuals, 274 (40.3%) had been diagnosed as having probable AD with symptoms manifesting after age 65 years. The remaining 406 individuals (59.7%) composed the comparison group of subjects without dementia and were similar in age and sex. Of the 274 patients with AD, 163 (59.5.9%) had SAD and 111 (40.5%) had FAD.
The mean age of the total sample was 77.6 years. Patients with FAD or SAD were older than unaffected subjects ( Table 1) . Patients with SAD or FAD and the controls did not differ in the proportion of women to men (Table 1) , but mean years of education was significantly lower in patients with FAD or SAD compared with unaffected subjects (Table 1 ). The frequency of having 1 or more APOE ε4 alleles was higher in patients with FAD compared with those with SAD, and the frequency of hav-ing the APOE ε4 allele was also significantly higher among patients with SAD compared with unaffected control subjects (Table 1) .
RELATION OF MEDICAL HISTORY AND FAD OR SAD
The frequency of a history of stroke, hypertension, heart disease, and diabetes in patients with FAD and SAD is given in Table 1 . Head injury and seizure history were initially included in the analysis, but because they were infrequent findings these data were excluded. Patients with FAD were less likely to have a history of hypertension or diabetes than were elderly persons without dementia or those with SAD (Table 1 ). There was no significant difference in the frequency of heart disease or stroke between patients with FAD or SAD and elderly persons without dementia. The frequency of hypertension was lower in patients with FAD or SAD than in the unaffected subjects. The frequency of diabetes did not differ significantly between patients with SAD and unaffected subjects but was significantly lower in patients with FAD compared with control subjects (P = .01).
RELATION OF GENOTYPE AND AGE AT ONSET AND AD CLASSIFICATION
Mean age at onset was compared in both groups of patients and by genotype. Overall, mean age at onset for FAD was lower than for SAD: 77.4 years (range, 70.9-78.8 years) vs 81.9 years (range, 75.0-82.5 years) (P=.02) ( Table 2) . Mean age at onset was also lower with increasing number of APOE ε4 alleles in both patient groups. The decrease in age at onset of AD with increasing number of APOE ε4 alleles was significant among patients with FAD (P=.001) but not those with SAD. Within strata defined by the absence or presence of the APOE ε4 allele, there continued to be a significantly lower age at onset among patients with FAD compared with those with SAD. Among those without an APOE ε4 allele, mean age at onset was 3.7 years earlier in FAD than in SAD (P=.01). Among those heterozygous for the APOE ε4 allele, mean age at onset was 5.6 years earlier in FAD than in SAD (PϽ.001). Among those homozygous for the APOE ε4 allele, mean age at onset was 4.1 years earlier in FAD than in SAD, but this difference failed to reach statistical significance, probably because of the small sample size.
COMMENT
A family history of dementia and the presence of the APOE ε4 allele have been considered risk factors for AD. 26 A major putative effect of the APOE ε4 allele is the lowering of the age at onset of disease, a finding confirmed in this study. Our finding of lower age at onset of AD in patients with FAD compared with those with SAD is consistent with other investigations that have also shown a younger age at onset in FAD compared with SAD. 3, 4, 9, 19, 27 This increased risk may be related, in part, to an increased frequency of the APOE ε4 allele. Regardless of genotype, age at onset of disease was consistently lower in FAD compared with SAD. The difference in mean age at onset between FAD and SAD was greater for patients with 1 or more APOE ε4 alleles (approximately 5 years) but was still apparent among patients with SAD or FAD without an APOE ε4 allele (approximately 3 years). Patients with FAD were more likely to carry an APOE ε4 allele than were those with SAD or control subjects without dementia. However, the finding of a significantly Abbreviations: FAD, familial Alzheimer disease; SAD, sporadic Alzheimer disease. *Data are given as the mean (SD). †Mean age at onset adjusted for gender, education, and history of medical risk factors (stroke, hypertension, heart disease, and diabetes). ‡PՅ.05. Patients heterozygous for the APOE ε4 allele with FAD had a mean age at onset of disease 4.1 years earlier than in those with SAD, but this difference failed to reach statistical significance.
younger age at onset of AD in FAD compared with SAD, regardless of the presence or absence of an APOE ε4 allele, suggests that there are additional genetic or environmental factors in FAD in Caribbean Hispanics that may lead to a younger age at onset of disease.
The most parsimonious explanation for the lack of an APOE ε4 effect on age at onset in SAD is that other nongenetic factors may be involved. That is, patients with FAD may have inherited variants in genes other than those that lead to earlier onset of symptoms. Although no single candidate gene has been successfully confirmed, many genetic linkage studies suggest that there are additional putative loci predisposing to FAD. 19, [28] [29] [30] [31] [32] [33] [34] Whether these as yet unidentified genetic variants interact with each other or act independently remains to be determined. Alternatively, nongenetic risk factors might modify the effect of the APOE ε4 allele or age at onset of SAD. However, we found that the frequency of medical risk factors was similar between the control subjects and patients with SAD, whereas patients with FAD had fewer cardiovascular and cerebrovascular risk factors for dementia. Therefore, cardiovascular risk factors do not appear to explain this blunted effect on age at onset. It is possible that other nongenetic environmental factors could reduce the APOE ε4 effect. Regardless of the cause, our findings are consistent with the hypothesis that risk for FAD is more strongly influenced by genetic factors than is risk for SAD. Adjustment for the presence of cardiovascular and cerebrovascular risk factors did not modify the association between genotype and age at onset of AD in patients with FAD or SAD.
Although affected individuals were asked to state when symptoms of memory loss first appeared and age at onset was confirmed by available family members, our results may have been influenced by recall bias. The younger reported age at onset among patients with FAD may be related to a heightened sensitivity of memory loss among family members who have already witnessed disease onset and progression of disease. In SAD, the affected individual and family members may not be aware of the early signs of memory loss, which can lead to later reported age at onset. Patients may also exaggerate how long they have experienced memory loss, especially when it is years after symptoms began. This recall bias can result in a lower reported age at onset among patients with FAD compared with those with SAD.
We estimated the age at onset for 18.4% of patients who did not report age at onset. However, our reported age at onset for patients with FAD and SAD are consistent with prospective studies of incident AD that have also reported younger age at onset in patients with FAD compared with those with SAD. 19 A strength of the study is that most of the patients with FAD or SAD came from the Washington Heights, Hamilton Heights, and Inwood communities of New York City. A few of the FAD cases included family members living in the Dominican Republic or Puerto Rico. Although all participants were of Hispanic descent, there may still be differences between geographic locations and traditions within the Hispanic community that may have acted as uncontrolled confounders.
Although the APOE ε4 allele is more strongly related to FAD than to SAD, this genetic risk factor alone does not explain the significantly earlier manifestation of AD in patients with FAD compared with those with SAD, which suggests that other genetic or environmental risk factors accelerate AD in patients with FAD. 
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